There has been considerable publicity recently about over-use of antibiotics, with intensive care units (ICUs) identified as one area of particularly high use. The aim of this study was to compare the usage levels of antibacterial and antifungal agents in 22 Scottish ICUs.
Introduction
In recent years there has been considerable publicity about the threat of bacterial resistance caused by overuse of antibiotics. 1, 2 Greater control of antibiotic use and minimisation of use are suggested as important measures in reducing this risk. One of the main aims of the 'Scottish Action Plan on Antimicrobial Resistance 3 ' is to promote prudent antimicrobial prescribing, alongside surveillance of resistance and control of healthcare associated infection.
The 'Recommendations for Good Antimicrobial Practice in Acute Hospitals' produced by the Scottish Medicines Consortium 4 identified wide variations in antimicrobial prescribing policy and practice, and empasised the need to standardise approaches to prescribing antimicrobials in acute hospitals.
Studies have shown that antibiotics make up a significant proportion of drug use in ICUs. 5 Due to the condition of the patients and the interventions performed, 40-50% of patients on ICUs may have antibiotics prescribed at any one time, 1 whether for pre-existing infections or for infections acquired on the unit. Infections acquired on the ICU significantly increase the risk of death. 6 Some ICU infections require treatment with atypical agents and so there can be a wide range of antibiotics used. This may contribute to increasing antimicrobial resistance in the ICU, in hospitals and potentially in the wider environment. 7 As part of a larger pilot study about surveillance of ICU associated infections run by Health Protection Scotland and the Scottish Intensive Care Society Audit Group, 8 the Scottish Adult Critical Care Pharmacist Network was asked to collect data about antibiotic use in each of the ICUs in Scotland. The aim was to examine multiple aspects of surveillance of healthcare associated infection, microbial resistance and antibiotic use.
Method
Each of the ICUs included in the Scottish Intensive Care Society's audit programme were invited to contribute baseline data to the study. Of 25 eligible units, 22 contributed data. One unit was unwilling to provide information, one had technical problems in doing so, and one was unable to separate issues to ICU from those for another neighbouring ward area.
The pharmacists responsible for each of the ICUs taking part in the study were asked to provide usage data for antibacterial and antifungal drugs covering the period from April 2004 to March 2005.
The information was collated and converted to 'Defined Daily Doses' (DDD) using the World Health Organisation's Anatomical Therapeutic Chemical (ATC) system. 9 The DDD for a drug is defined as the assumed average maintenance dose per day for a drug used for its main indication in adults. However it does not necessarily reflect the recommended or prescribed daily dose. This results in a method of quantifying drug usage that is not affected by varying costs or dosing schedules, so producing a standardised value.
To allow for different activity levels and sizes of unit, the total DDD figure for the year for each unit was divided by the number of bed days used over the period, to provide a figure referred to as the "Antibiotic Density" 10 which can be used as a quantitative comparison of antibiotic use between units. Then the DDD per total number of patients treated over the period was calculated to see if this was different from Antibiotic Density. Values for individual agents, therapeutic classes (according to the British National Formulary) and total use were obtained, and the unit results compared.
Activity measures, measured as the number of occupied bed days used and the number of patients treated during the periods, were obtained from the electronic audit database system ("Wardwatcher", Critical Care Audit Ltd, England) which is used in each Scottish ICU unit as part of the data collection system for the Scottish Intensive Care Society Audit Group.
As part of the larger study, five of the units underwent an intensive data collection exercise looking at many aspects of infection surveillance during the summer of 2005. For these units, the antibiotic use data for the three month period of the full surveillance study was compared with that during the corresponding three months of the previous year in the baseline data collection period.
Results
The overall antibiotic and antifungal use is shown in Figure 1 .
The median values were 176.01 DDD/100 bed days (interquartile range 144.62 -203.41) for antibiotics, and 16.88 DDD/100 bed days (12.51 to 32.43) for antifungals. This means that for each occupied bed day, 1.76 'defined daily doses' of antibiotics were used. When calculated as DDD/patient the relevant figures were 9.95 (8.69 -11.96) and 0.99 (0.62 -2.02), or just below 10 full days dosage of antibiotics per patient, which could represent 10 days of one agent or 5 days of two agents etc. Figure 2 shows the comparison of the two methods of expressing usage. 
Discussion
While similar programmes have been described in ICUs in Germany and USA, 11, 12 this is the first study providing such information in the UK setting. This is important as there are significant differences in the way ICUs work in the three countries, 13 such as different proportions of lower dependency patients and different staffing levels.
A wide range of antibiotic densities was observed in the Scottish units. This suggests variation in practices between units; however the differences could also be due to other factors such as different case mix (with corresponding differences in the type of infection encountered). This might be affected by the ratio of surgical patients to medical patients (although analysis of the primary infection study appeared to show this was consistent amongst the five sites examined in detail in the infection surveillance study), 8 by tertiary referrals or local specialisation. Further investigation would be needed to quantify these effects. One unit (17 on figure 3 ) is an outlier as it is the only one that uses selective decontamination of the digestive tract (SDD), a practice that involves the prophylactic use of significant quantities of certain antibacterial and antifungal agents specifically to prevent ventilator acquired pneumonia.
The choice of denominator used for the ratio has been debated, with some workers suggesting that the number of cases or patients treated is more relevant than the number of bed days used, particularly in situations where individual patients need prolonged rehabilitation rather than rapid treatment and turnover. The fact that the values for the DDD/patient showed a similar pattern to those of the DDD/100 bed days suggests that this did not make a significant difference to the quantification of antibiotic use in the units studied, and it is therefore appropriate to use the latter figure in order to be consistent with other areas of healthcare. It has been suggested however that both figures should be quoted to give an accurate description of use. 14 The median value for DDD/100 bed days for antibacterials is 176.01, considerably higher than that reported in the Surveillance
System of Antibiotic Use and Bacterial Resistance in German
Intensive Care Units (known as the SARI programme) study 12 This may reflect different ways of working in the three countries. This study classified the antibacterials according to the system used in the British National Formulary (BNF), which differs from the ATC system used by the German SARI programme, so comparison of drug groups is not possible. Future UK studies should probably use the ATC system to ensure direct comparisons.
While antibiotic issue data from pharmacy records may not be exactly equivalent to actual usage data, as not everything issued is actually administered to ICU patients, it is the most practical method available. The method used in this study is most likely to produce easily comparable information on the usage patterns of antibiotics in hospital settings at a national level and on an ongoing basis. Retrieving individual prescription records is impractical.
Differences in usage rates of specific drugs were observed, in particular for carbapenems, quinolones and drugs used against MRSA. This could be of particular significance for resistance patterns of bacteria and the incidence of infections caused by resistant organisms. There are different views on the optimal treatment strategies for infections in ICU patients. 15, 16, 17 The similarity between the baseline full year results and the three month intensive study period of the five units in the detailed infection surveillance study show reproducibility of the values obtained. This is reassuring for future studies. SARI reported the correlation of antibiotic density with infection rates, sites of infection and resistance patterns. This was not part of the current study, but will be examined in the full programme, intended to be put in place following the success of the pilot programmes.
This study has demonstrated a variable antibiotic density in Scottish ICUs. Further work should be carried out to investigate some of the possible reasons for this. The data obtained will provide a baseline for future work in this area, and the successful completion of the project has demonstrated that it will be feasible to carry out this type of data collection. The authors are aware that some units have already reviewed prescribing practices in the light of the information from this study.
